Early preterm infants (EPT) (<33 6/7 weeks) are at increased risk for autism spectrum disorders (ASDs) but prevalence estimates vary widely across studies. Furthermore, there are very few studies addressing the association between late preterm (LPT) births (34-36 6/7 weeks) and ASDs. To address the question of whether LPT infants carry the same risk for ASDs as full-term infants, this study aimed to estimate the relative probability of an ASD diagnosis using Bayes rule. A retrospective cohort analysis of 406 children was undertaken to look at gestational age, ASDs, and birth history. The application of Bayes rule was used, given that there is not sufficient information about the joint probabilities related to prematurity and autism. Using the estimated gestational age proportions within ASD diagnosis, plus national estimates of ASDs, probabilities for ASDs within a given gestational age were calculated. Among these 406 children with ASDs, 6.7% were EPT and 10.6% were LPT. In comparison to full term, EPT children are at 1.9 multiplicative increase in risk (95% CI [1.3, 2.5]). While the probability of ASDs for LPT children was higher than that for term, the estimated relative risk of the LPT infants was not statistically significant (95% CI [0.9, 1.5]). EPT infants were significantly more likely to be diagnosed with ASDs compared to their term peers. While the relative probability of ASD diagnosis among
children born LPT was not statistically significant in this limited sample, the results indicate a possible elevated risk. A larger cohort is needed to adequately estimate this risk.
Keywords
Autism spectrum disorders; Gestational age; Bayes rule Autistic spectrum disorders (ASDs) are neurodevelopmental disorders characterized by impaired communication, social interaction, and behavior. 1 According to the Centers for Disease Control & Prevention (CDC), the prevalence of ASDs has increased over the past two decades and is estimated to affect one in 88 children in the United States. 2 Major advances in autism research have led to the development of validated autism screening tools that have facilitated early autism detection for children at risk for these disorders. Recent evidence suggests that early preterm birth (<32 weeks) is a risk factor for autism. [3] [4] [5] [6] [7] Like autism, the prevalence of preterm infants, particularly moderate (32-33 6/7 weeks gestation) to late preterm (34-36 6/7 weeks), has increased in the last two decades. 8, 9 Moderate to late preterm infants make up 70% of all preterm births and are at risk for poor neurodevelopmental sequelae. 10 However, studies estimating the prevalence of ASDs in late preterm infants (34-36 6/7 weeks) are lacking. 8 To address the gap in knowledge of whether late preterm infants are at higher risk for ASDs than full-term infants, this study estimated the relative probability of an ASD diagnosis by gestational age using Bayes rule in a cohort of patients screened at a large autism center in the southeastern United States between March 2009 and December 2010.
Background and Significance
Autism spectrum disorders (ASDs) are a group of complex developmental syndromes of the central nervous system that are characterized by restricted behaviors and deficits in communication and social interactions. Although neuropathology of ASDs varies across cases, the most consistent pathology includes curtailment of normal development of the limbic system and abnormal development of the cerebellum and associated nuclei. 11, 12 While the pathogenesis of ASDs is not fully understood, evidence supports the hypothesis that ASDsdevelop in children with a genetic susceptibility who experience abnormal stressors during a critical period of brain development. 6 Research points to the potential role of neurological insults in pre-term infants in the development of ASDs. Preterm birth is associated with high rates of perinatal brain injury and interrupts a critical period for brain growth and structural differentiation. 13, 14 A significant proportion of brain growth and development, including that of cortical gray matter, white matter, and the cerebellum, occurs during the last six weeks of gestation. 15 Knowledge regarding brain development in pre-term infants derives primarily from the large body of literature surrounding infants born less than 32 weeks gestation and very low birth weight infants (<1500 g). [3] [4] [5] [6] [7] Neurodevelopmental abnormalities are well recognized among very low birth weight and very preterm infants (<32 weeks) and a growing line of evidence supports prematurity as a risk factor for ASDs.
Multiple prospective studies of very preterm or very low birth weight children screened for autism at less than 3 years of age demonstrate an elevated prevalence of autism in the preterm population compared to the general population. Estimated prevalence ranged from 12% to 41%. [3] [4] [5] [6] [7] Similarly, preterm toddlers born <30 weeks gestation scored higher on the Quantitative Checklist for Autism in Toddlers, indicating greater restrictive, stereotyped, and repetitive behavior as well as greater social communication difficulties. 16 These deficits seem to persist throughout childhood into adolescence as shown by Pinto-Martin et al. 17 In a regional and longitudinal cohort study, prevalence of autism in 623 adolescents with a history of birth weight <2000 g was 5%, approximately five times higher than the CDC reported prevalence for the general population. 17 The prevalence estimates of ASDs for early preterm infants vary widely, with estimates varying from 5% to 41% depending on the study referenced.
While much is known about the neurodevelopment of very preterm infants, less is known regarding brain development and cognitive outcomes of late preterm infants [18] [19] [20] despite the fact that late preterm infants comprise the largest and fastest growing segment of premature infants. 8, 21 Typically, late preterm infants are perceived to be at similar risk for developmental issues as full-term infants and are often clinically treated in the same manner as their term counterparts. Emerging evidence suggests that neurologic morbidity and ASDs may also be a problem in late preterm infants. [22] [23] [24] [25] Few studies have examined ASD diagnosis across the spectrum of gestational age, however, there have been some studies that have shed light onto this subject using ASD screening tools. Pinto-Martin et al. found higher rates for autism screening and autism diagnosis in infants born less than two kilograms and Guy et al. found that late and moderately preterm infants are at increased risk for a positive autism screen at 2 years, but did not go on to discuss findings related to autism diagnosis. Kuzniewicz and colleagues demonstrated higher prevalence of ASDs in all preterm infants, including moderate and late preterm infants, relative to term infants at two years of age. 23, 26 In a recent study, 4100 mothers with children with an already diagnosed ASD voluntarily completed two validated ASD questionnaires that screen for autistic characteristics. 25 Results indicated a higher degree of autism characteristics for preterm (<37 weeks) infants than for infants born at a normal gestational age. 25 These results suggest that normal gestational age at birth mitigates the severity of symptomology of ASDs. Further studies to confirm these findings are needed.
As described above, research estimating diagnosis of ASDs in late preterm infants is sparse and estimates of ASDs in all preterm children vary greatly. Identification of risk factors can lead to early diagnostic evaluations and referrals needed to receive support and interventions to minimize poor neurologic outcomes. Despite the need to better understand the relationship between prematurity and ASDs, estimation of this relationship is difficult. Direct estimation of the probability of ASDs in relation to gestational age is complicated by both the inherent variation in diagnosis and the relatively low joint prevalence of ASDs and prematurity. This issue is illustrated in a study by Kuban et al. who reported that prevalence of autism rates in extremely preterm children was reduced when children with sensory and cognitive impairments were excluded from analysis. 5 This highlights the need to develop alternative ways of estimating risk in preterm populations.
The application of Bayes Rule in estimating the probability of given conditions in a clinical sample using known population parameters has a long history. 27, 28 The application of Bayes rule in this study is appropriate, given that there is not sufficient information about joint probabilities related to prematurity and autism. The rule of Bayes Rule calculates a posterior probability, or the probability of a diagnosis given knowledge of certain conditions, by taking into account empirical data from an experiment and known probabilities from other sources.
Using Bayes rule does not assume that the clinical information is completely accurate and thus accounts for the possibility of both false positive and false negative ascertainment of a disease status and may therefore provide a more robust assessment of the probability of ASDs given gestational age. 29 However, there is little evidence in the literature of its application toward estimation of risk factors associated with ASDs. In this study, we estimate the probability of an ASD diagnosis in preterm children across the range of gestational ages, including late pre-term infants, using Bayes rule.
Methods

Sample & Measures
This study involved a retrospective analysis of data ascertained from a cohort of children treated at the Pediatric Neurodevelopmental Clinic (PNC) at a large center for excellence in autism in the southeast portion of the United Sates. The center provides approximately 2500 diagnostic evaluations annually and served 4823 children during 2010, 28% of whom were African American and 70% of whom relied on Medicaid. For this study, IRB approval was obtained and data were abstracted from in-depth medical records to obtain ASD diagnosis and phenotype, gestational age, and timing of autism diagnosis. In addition, demographic information and birth history were also obtained from medical records. The inferences made in this study are on the population of referred children, a population with a higher proportion of ASDs than the general population.
ASD diagnosis was identified in the medical record based on multi-disciplinary assessments conducted by the PNC. The Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) describes five categories of disorders that collectively comprise the Pervasive Developmental Disorders (PDD). PDD is widely used by professionals to refer to children with autism spectrum disorders (ASDs). In the DSM-IV, the term "PDD" is not a specific diagnosis but an umbrella term under which these disorders are included: Autism, Childhood Disintegrative Disorder, Rett's Syndrome, Asperger's Disorder and Pervasive Developmental Disorder Not-Otherwise-Specified. According to Autism Speaks, "psychologists and psychiatrists sometimes use the term pervasive developmental disorders and autism spectrum disorders interchangeably". 30 While there are slight differences in the configuration of symptoms in each of these categories of PDD, diagnostic labels are used to indicate commonalities among individuals. The diagnosis of ASDs indicates qualitative impairments in social interaction and communication, and the presence of restricted, repetitive and stereotyped patterns of behavior, interests and activities. Most importantly, whether a child is diagnosed with a PDD, his/her treatment will be similar (Autism- 
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All assessments were conducted by a pediatric psychologist and either a developmental pediatrician or pediatric nurse practitioner. In addition to a review of records, thorough medical and family history, and a physical exam, each child received a battery of psychological tests. The specific battery of tests was chosen by the psychologist based on the individual child's presenting concerns, age, and level of skill. Most assessments included a structured diagnostic play session (most commonly the Autism Diagnostic Observation Schedule-Generic), a standardized cognitive measure (e.g., Bayley Scales of Infant Development, Mullen Scales of Early Learning, Stanford Binet, Differential Ability Scales-II), an adaptive measure (e.g., Vineland Adaptive Measures Scales-Second Edition, Adaptive Behavior Assessment System-II), and parent/teacher report measures of social, emotional, and behavioral functioning (e.g., Social Responsiveness Scale-2, Social Communication Questionnaire, Childhood Autism Rating Scale, Autism Spectrum Rating Scale, Child Behavior Checklist, Caregiver-Teacher Report Form). The final diagnosis was made using the criteria outlined in the American Psychiatric Association's Diagnostic and Statistical Manual (DSM-IV TR). Given the timeframe of the study, the DSM V was not available and thus ASD diagnoses were made using the DSM IV criteria. 31 All sources of information were considered when making a formal diagnosis. Upon completion of the multidisciplinary assessment, a comprehensive medical and psychological report highlighting significant findings with recommendations for follow-up and intervention was provided to the parent and referral source.
Data Analysis
All data were checked for completeness and any discrepancies prior to analysis. SPSS v.20 (IBM Corp., Armonk, NY) and SAS® v.9.3 (SAS Institute Inc., Cary, NC) were used for all analyses. Descriptive statistics were compiled for all continuous, ordinal and categorical variables over all subjects and by ASD diagnosis. Because there is not sufficient information about joint probabilities related to prematurity and autism, we applied the Bayes rule. The unknown population parameter, which in this case is the posterior probability, was the prevalence of autism (ASD) given gestational age or birth term (BT) (P(ASD|BT)). This probability of ASD given BT (P(ASD|BT)) can be calculated using the prior knowledge of the probability (or proportion) of ASD (P(ASD)), the probability of BT (P(BT)) and the probability of BT within children diagnosed with ASD (P(BT|ASD)). In this context, autism represents (is assumed to be) an accurately diagnosed prior event. The probability of ASD (P(ASD)) was obtained from the CDC national estimate of 1 in 88 and was treated as a prior population (known) parameter. 2 The probability of birth terms (P(BT)) was obtained from the 2006 National Vital Statistics Report and also treated as prior population parameters. 9 The proportions of gestational age groups for children with an ASD diagnosis (P(BT|ASD)) were estimated from clinical records of the 406 ASD children within the center cohort. Bayes rule 27 was then used to estimate the probability of ASD diagnosis for each gestational age group as follows: • P(BT|ASD) is the proportions of each birth term for children diagnosed with ASD (obtained from the 406 ASD children within the center cohort);
• P(ASD|BT) is the proportion (or probability) estimate for ASD given knowledge of birth term.
To provide confidence intervals for these estimates, the SAS procedure CATMOD (categorical data modeling) was used (SAS code provided in Appendix). The formula provided was then used for the lower bound and upper bound of these estimates to calculate the subsequent confidence intervals for P(ASD|BT). Finally, the confidence intervals for the relative risk to term were calculated comparing each respective statistical estimate to its equivalent for the term category.
Results
A total of 406 records were obtained for children seen at the PNC diagnosed with ASDs at the autism center from March 1, 2009 through December 30, 2010. The mean birth weight in this cohort was 3197 grams (SD 768) and mean gestational age was 38.3 (SD 3.2) weeks ( Table 1 ). The mean duration of hospital stay was nine days (SD 27). The cohort was predominantly male, with only 17% female. Mean maternal and paternal ages were 28 years (SD 6.1) and 32 years (SD 7.4), respectively. Forty-three percent were Caucasian and 35% were African American as determined by maternal race. Across the entire cohort, 6.65% were EPT, 10.59% were LPT, 78.08% were born at term and 4.68% were post-term compared to the 2006 Vital Statistics report of EPT, LPT, full-term, and post-term birth percentages of 3.64%, 9.09%, 81.03%, and 6.24% respectively ( Table 2 ). These differences in relative percentages of gestational age between our sample of 406 ASD children and those reported in the 2006 Vital Statistics were statistically significant as evaluated by the chisquare goodness of fit (χ 2 (3) = 13.134, p = 0.004).
Using these estimated gestational age proportions within ASD diagnosis, plus national estimates of ASDs from the CDC and gestational age from all children using the 2006 Vital Statistics, 9 probabilities for ASDs within a given gestational age were calculated using the Bayes rule ( 
Discussion
The purpose of this study was to estimate the relative probability of an ASD diagnosis by gestational age using Bayes rule applied to a cohort of children screened at a Neurodevelopmental Pediatric Interdisciplinary Diagnostic and Evaluation Clinic. These analyses estimated the probability of ASDs within birth term using Bayes Rule. The absence of population level data for children born preterm enabled us to use Bayes rule to estimate the probability of ASDs using knowledge of birth term. Future work to extend our findings to the general population will be important.
The technique yielded probability estimates of ASDs in a relatively small clinical sample that are comparable to population-based estimates. The early premature children (≤33 6/7 weeks) were significantly more likely to be diagnosed with ASDs as compared to their term counterparts. This is consistent with the literature; previous studies have found that prematurity is a significant risk factor for ASDs. A 2008 study found that as many as 26% of preterm infants had a positive screening for autism, and a 2012 study reported that the diagnostic prevalence of ASDs in infants with a birth weight<2000 g was higher than the prevalence in the general population reported by the CDC. 6, 17 Our study identified a two-fold greater risk among children born less than 33 weeks gestation. While we observed an elevated probability of ASDs among children born LPT, the magnitude of the elevation risk relative to term infants was not statistically significant. In a comparable study, Schendel and Bhasin 26 reported similar findings. They noted an approximately two-fold increased risk for ASDs among children born less than 33 weeks but found no statistically significant increased risk of ASDs in children born between 33 and 36 weeks.
There are several plausible physiologic explanations for why a statistically significant relationship between late prematurity and ASDs was not observed. First, white matter injuries have been associated with ASDs in the preterm population. 32 Rates of perinatal brain injury are much smaller in late preterm infants relative to very preterm infants. 14 Second, obstetrical complications that often lead to preterm birth have been suggested to play a role in the development of ASDs. 33 The brain of the late preterm infant is less immature than that of very preterm infants and thus may be less susceptible to birth insults. Third, research suggests that adverse environmental stimuli, such as stimuli in the intensive care unit, may mediate genetic susceptibility to ASDs. 34 However, late preterm infants often spend very little time in the neonatal intensive care unit and are therefore not subjected to this potential risk factor. Lastly, although significant disparities are present in cognitive performance between late preterm children and term children, late preterm children exhibit greater academic achievement and executive functioning relative to very preterm children and thus appear to be less cognitively impaired. 35 Although Bayes rule has not been used previously to estimate the probability of ASDs given gestational age, this statistical approach has significant implications for clinical practice and has many strengths compared to the traditional approach to statistical analysis using hypothesis testing and regression models. Bayes rule reduces bias compared to traditional statistical methods by including correlation between risk factor and outcome. 36 Previous ASD estimates reported are based on results of single studies [4] [5] [6] [7] ; Pinto-Martin, 2011; however, inferences in this study are based also on information from other sources. Incorporating evidence not only from a cohort of preterm children with an ASD diagnosis but also from the CDC and National Vital Statistics Report improves credibility of results and improves the overall strength of the study.
Limitations
A large number of preterm children are seen in developmental follow-up clinics and thus have a higher likelihood of being referred to the autism center and being diagnosed with ASDs. Early preterm infants have a referral bias within the autism center, since prematurity is a known risk factor for ASDs. Accordingly, this bias could produce an overestimate of the relative percentages of EPT and LPT in the center cohort compared to the general population. Our study was limited by the relatively small sample size of preterm infants. While our study looked at 43 late preterm children, this is a small number compared to the number in the general population in the United States (8.2%, 387,791). 21 Our future research will examine larger populations to see if the same conclusions hold true.
Additionally, the ASD probability estimates were only calculated given gestational age.
Because other factors, such as race and gender, are known to have different prevalence in the general population and were not included, these estimates are only generalizable for gestational age groups, rather than for individuals. [37] [38] [39] [40] [41] 
Implications and Future Research
Premature infants constitute a vulnerable population that requires specific and ongoing intervention to minimize poor neurologic outcomes. Early identification of risk factors through nursing assessment and intervention can trigger early diagnostic evaluation and referral. For this to occur, it is imperative that nurses, researchers, and pediatric providers improve our understanding of maturation and brain development in the later weeks of gestation and particularly understanding of how gestational age may contribute to the development of ASDs.
The application of Bayes rule in this context appears to provide a useful method for estimating the probability and characterizing the risk of autism in children born premature. We contend that estimating the joint probabilities related to prematurity and autism will continue to be difficult and that clinical samples such as these may provide generalizable estimations. The diagnosis of autism in this particular setting may be less subject to systematic bias that is likely present in population-based estimation of autism prevalence, thus making one more confident in the estimation. Future application of the Bayes rule should estimate the probability of ASDs based on maternal and social/demographic risk factors for preterm birth as well as for ASDs given gestational age using cohorts that have been diagnosed with the most recent criteria of ASDs in the DSM-V.
It is important to note that ASD estimates may change with the introduction of the DSM-V, with a recent meta-analysis demonstrating reduction rates between 25 and 68% when applying the new criteria. This wide range may be a result of inconsistency of an operational diagnosis for ASDs including a variety of instruments and measures. 42 This did not change the results for this study, as the DSM IV was used for these children. Characterizing the change in ASD diagnosis when using the DSM-V will be important to follow, given the rise in ASDs over the past few decades.
Nursing and medical care for affected children and their families has become a topic for epidemiology and intervention research. Studies aimed at advancing nursing knowledge and practice in caring for this population are vital in improving community and provider awareness of ASDs and improving patient and parent access to comprehensive care. Interdisciplinary research provides a collaborative environment and resources to generate evidence-based nursing practice. By utilizing both retrospective database analysis and future prospective clinical studies to identify at-risk neonates, health care professionals will be able to identify therapeutic options that can optimize each child's outcome.
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